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plants for enerating eleckicity throughout central and 

of the high price of fuel oil, and the increased cost of 
transportation and higher labor charges, the public 
utility commission granted the power companies permis- 
sion to raise rates on electricity 15 per cent. This served 
as an excuse for higher rents, and all residents tshus felt 
another increase in the cost. of living, indirectly clue to 
the deficient precipitation of last winter. The street car 

*companies, the largest single users of electricity, adopted 
the skip-stop system to reduce consumption of eiier y, 

power. Through mort$ suasion and a simple presentn- 
tion of the facts, the utility commission's power admin- 
istrator succeeded in eliminatin all electric advertising 

lighting of store windows' and streets was reduced. In  
the mountain regions many mines using electric power 
were compelled to shut down. Gold dredgers using 
electrioity ceased to operate. 

I n  the Santa Clara Valley the well situat,ion became 
serious in midsummpr, owing to the depletion of under- 
ground waters. Emer ency measures w-ere adopt.ed t.o 

the overlying orchards could be saved. 
At the United States Immi ration Station on Angel 

went dry in midsummer, and fresh water hnd to be 
transported by barge from MItrin County. 

Due to the deficient precipitation of bhe past four rainy 
seasons, the forests in the elevated regions of California 

northern 8 alifornia was general during 1930. Because 

and also took off man cars to reduce t,he demand !i or 

signs on five nights of the wee-, % arid the unnecessary 

preserve the levels of t a ese underground waters so that 

Island, in San Francisco Bay, t % e only well on the islmcl 

became very dry and suffered severe injury from fire 
during the suninier. August, 19-30, was erhaps the most 

far esperienc.ed. The sit.uation became so serious that 
billboard post,ers were displayed by the United Stat.es 
Forest Service, informing citizens of the situation and 
cautioning those going bo t.he forests for recreation to be 

nrticulnrly careful in t,he use of fire. Es eriknced fire- 

flagrations. Liglitniii was a prolific source of fires in 
the parched forest,s &roughout the 'long dry summer. 
The "back fire" from nn automobile t.ruck passing near 
Paradise, Butt,e County, set fire to a dry ashre, and 

t.rolled . 
Relief clime as a result of copious showers and cool 

wea.ther in Oc.t.ober. Fruit t,rees were revived, the forest- 
fire haza.rcl was reduced, and the hydroelectric situatrion 
was relieved to such an est,ent that all power restrictions 
were immeclititely femoved. ' Thus ended a season in 
which more attention was paid to rainfall statistics than 
ever before in the history of California. It is no exa 
geration to say t,hat for the past year the oficial rainfsi 
data have occupied R place in public interest on a par 
wi t,h vi t,al statistics, bank clearings, stock quo ta tions, 
and m a . r h  t repor t,s . 

In  commentin on the situation, the Ssn Francisco 

Rain or shine. for the next decade the moat im ortant matter before, 
our people will be the storage. so far aa humanfv'poasible, of every 
dro I of water which falls on the State, and its util'lzat,ion for irrigation 
and the development of power. ' 

disastrous month for forest fires which t R e State has thus 

Rgliters were t,ransported by aeroplane to t 7 le larger con- 

15,000 acres were burned over before the i re wa.s con- 

Chronicle in an e 3 it,orinl on August 13 stated: 

THE RELATION OF PROLONGED TROPICAL DROUGHTS TO SUN SPOTS. 

By h f .  w. H. PICKERING. 

IM3ndeville, Jamiu ,  M y  2, IEO.] 

swnPsis. 
A study of the collected rainfall data covering the lsst 50 years in the 

island of Jamaica hse shown that there have been 13 droughts, 9 of 
which have followed closely after a sun-spot maximum or minimum. 
It appears that droughts occurring after the maxima show a greater 
d+i+ency of rainfall, and laat lon r, than those occurring after the 
m m a .  On the baais of sun-spot &a a drought, predicted in  March, 
1919, to begin during 1919 or 1920 actually began in June, 1919, and 
was continuing at the time of m&np the paper. I t  is sugiptecl that 
the cause of the variations of rainfall may lie in the effect of changes in 
ocean temperatures on condensation and eyaporation in the Tropics, 
and the increaaed solar magnetic activity after sun-spot maxima, 
although the reason for such a solar relation is not apparent. The 
effecta of volcanic dust on radiation may also be a factor.--(,'. L. LV. 
T h e  island of Jamaica is situated south of Cuba,. in 

latitude 48' N. Its area is 4,200 square miles, or a trifle 
less than that of tshe State of Connecticut. The whole 
island is mountainous, culminatin in the east in Blue 

part of the island the elevations 30 not esceed 2,000 to 
3,000 feet. At the suggegtion and under the superin- 
tendence of the late Maxwell Hall, the Government, in 
1870, be an publishing the rainfall data for the island, 
and the kt ie th  year has just been completed. 

The rain is collected in gauges 5 inches in diameter with 
their tops elevated 1 foot above the ground. The ob- 
servers are Government officials, planters, and cattle- 
men. In 1870 there were 34 stations, one of them dating 
back to 1862. Less than a dozen of these original sta- 
tions are still maintained, others taking their place. On 
January 1, 1920, there were 196 stations, or one for every 
22 square miles of territory, scattered as uniformly as 
practicable over the island. L4t no station here consid- 
ered have the observations been continued for less than 
IO ye-. 

Mountain Peak, 7,360 feet in heiu E t, but in the greater 

The rainfall is very unequal in different portions of the 
island. Thus at, Moore Town near the entrance of a 
funnel-shapecl valley at, the estrenie 'eastern end of the 
island, alt,itude GOO feet, where t,he trade yinds impinge 
on the high mountains, the annual rainfall IS 248 inches. 
On Blue Mount,ain Peal; itself it  is 175. On the other 
hand, at  Bull Bay, S miles east of IGngubon, and 30 miles 
from Moore Town, but on tlie other side of the moun- 
t,nins, it is only 33. The island has therefore been divided 
into four nearly equal sect,ions according to their topo- 
gra>hic. fe.at.wes, and in Table 1 the rainfall is given for 
eac 1, of these sections and also for the island as a whole 
by decades. The mean rainfall for the island for the 50 
years is 72.S6 inches. It u-ill be at  once noticed that the 
means for the first two decades of this rainfall are very 
.similar, and also t,he means for the last three, but that 
the two results differ from one another by about 10 
inches. By esamiiiing the deviation.. from the mean, 
we see that the increased precipitation of recent decades 
is recorded mainly in t3he two rainiest sections of the 
island, the northeastern and west central, but that the 
other sections also show an appreciable increase. There 
does not seem to he any evidence that the change is due 
to the abandonment of certain stations and the establish- 
ment of ot,hers, but rather to an actual increase in the 
rainfall over the whole island. 
In Table 2, in the second column, is given the mean 

annual rainfall for successive years, and in the third these 
results are smoot.hed by the well-known de.vice of taking 
the mean of the first five results from tlie second column 
and enterin it on the third line. The mean of the second, 
third, fourt % , fifth, and sisth results is entered on the 
fourth lime, and so on. These results are plotted in 
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figure 1 and show clearlv the gradual increase of rainfall. 
Owing to the drou h t  of the present year, the nest point 

we have now reached a maximum, and the results are pe- 
riodic, the semiperiod is 44 or 35 years. According to the 
Briickner whole period of 35 years, the interval from 1571 
to 1885, inclusive, should be wet and the following inter- 
val dry. 'This does not seem to be borne out by the facts. 

I n  Table 3 is given the rainfall by months. Two nieans 
are taken, one fo: the two earlier dry decades and the 
other for the three later wet ones. It will be noted that 
the rainfall in Januarv, May, August, and December has 
not materially altered, but t,hat in April and in each of 
the three autumn months the increase esceeds an inch, 
the late autumn rain thus becoming much more marked 
than formerly. In  Table 4 is given the ra.infal1 by 
mon th  and the deviation from the means as found in 
Table 8. The last columns give the duration and masi- 
mum deficiency of every prolonged drought that lasted 
at least 10 months and esceeded 13 inches. The two 
most severe droughts not entered in t,he table occurred in 
1882 and in 1918. The first of these showed a deficiency 
of 11 inches and lasted 9 months. The deficiency of t,he 

to be entered will c e appreciably lower than the last. If 
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FIG. I.-Smoothed graph of the ninfdl in Jamslm, 1S7fI-1920. 

other amounted to 13 inches, but its duration was only 
7 months. Numerous less marlc.ed drougpts also occur, 
increasin in numbers as the required condit,ions are mbde 

In  the h t  two columns of Table 5 the dates of the 
droughts are expressed in  years and tenths and the defi- 
ciency in inches, the decimal being omitt,ed. The third 
column gives the duration in months, and the fourth the 
dates of the sun-spot maxsima and minima since 1870, 
the latter being prmted in italics. The first six of these 
dates are taken from. Miss Clerke's H,isto~y qf Astronomy, 
fourth edition, 463. For the last three I am indebted tb 
Prof. Adams, the ei hth bein Wolfer's revised value, 

H th  column gives the differences between the numbdrs 
in the h t  and fourth. It will be noted that every sun- 
spot maximum and minimum has been followed by a 
drought, and that three other droughts have also oca- 
curred, 12 in all. The last numbers in the second and 
hird columns are followed by a +, since the present 
drought is not yet over. 

I n  Table 6 the first four columns indicate that the 
average of these differences for the four maxima, taken 

less and B ess severe. 

and the last the res 3 t obtaine % at Mount Wilson. The 

from the fifth column of Table 5, is 2.3f0.5 years, and 
the average for the four minima is 1.4 f0.3 years. These 
differences may, for convenience of predicting future 
droughts, be expressed as two years four months, and one 
year five months. The 13 droughts have occurred on the 
average at  intervals of 4.17 years. If their relation to 
the sun spots was due merelv to chance, the average 
deviation should be one-fourth of this, or 1.04 years. 
Not one of the deviations in Table 6 reaches this figure. 
From this we conclude, considering the inevitable errors. 
occurring in Lsing the esact dates of the sun-spot maxima 
and minima, that a real relation subsists between these 
dates and those of the Jamaica droughts. 

The fifth and sisth columns show that the average 
deficiency at  a sun-spot maximum is 32 inches, and at a 
minimum 30. The next two columns show that the 
average durations are 30 and 13 months, respectively, 
and the last two, obtained by dividing the deficiency by 
the duration, that the average intensities are 1.7 and 1.5 
inches per month. It therefore appears that the droughts 
occurring after the maxsima not only show a greater defi- 
ciency, but also last longer and are more intense than 
those occurring after the minima. 

The three droughts not associated with the sun  spots 
had an average deficiency of 23 inches, a duration of 14 
months, and an intensity of 1.6. They were therefore 
very slightly more severe than those occurring after the 
minima. From this we conclude that while the condition 
of the solar surface is an index to the majority of the 
prolonged Jamaica droughts, there is some other less 
important cause also at work, occasionally producing a 
similar result. [See discussion by W. J. H., below.] If 
we were willing to include a very minor drought, whose 
masimum occurred in April, 1588, whose deficiency was 
9.48 inches, and its duration 5 months, we might con- 
sider these droughts, too, to be periodical. The mtervals 
between them last, respectively, for 12.5, 11.3, and 13.1 
years: niean 18.3. ' 

It may he not'ed in passing that on the strength of a 
ieliminary investigation* published in the Annals of 

f3kw-d  College Observatory, 82: 16, and on the sun- 
spot data coniniunicated to the writer by Prof. Adams, 
a drought, was predicted for Jamaica to occur during the 
year 1919 or 1930. This prediction was published in the 
local island paper in March, 1919. The drought actually 
began, as shown in Table 4, in June, 1919, and has not 
ended as yet. Deficiency so far 33.84 inches, Table 4. 

would have been set for the summer of 1919, and Yin2 t e en 
By the more accurate data here given the be 

for the autumn of 1930, with a maximum deficiency of 
about 30 inches. If the mean could be relied on, the 
drought would last through November. It may be added 
that the drought has extended throughout the whole of 
the West Indies, from Cuba to British Guiana, and in 
places has caused considerable suffering from the failure 
of crops, and a deficiency in the sugar output. 

As to its cause, it may be stated that the deficiency of 
rainfall appears to be due mainly to a deficiency in the 
spring and autumn months, which bring us most of our 
rain. During the last three droughts the lack of rain 
has been associated with a lack of heavy afternoon cloud, 
our rainfall occuiTin chiefly in the afternoon. It there- 

to a lack of density in the tropical belt of cloud which 
follows the sun north and south in its yearly c o m e  
through the heavens. Why the density of this cloudy 
belt should vary with the sun spots is not very clear, 
but it may be noted that the maxuimum intensity of the 
solar magnetic storms, and the greatest rate of change 
in the solar activity, is said to occur about two years 

fore appears probab K e that the droughts are due mainly 
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after the sun-spot maxima. (Journal British Astro- 
nomical Association, 1920: 30: 186.) It would seem that 
since there is no appreciable change in the insolation, 
that a change in the rate of solar activity after the 
maxima and again after the minima would be more 
likely to affect terrestrial evaporation and condensation 
than the mere s ottedness of the svn's surface. 

of the relation between the Jamaica rainfall and the 
semiperiod of the sun spots is to he found in Maswell 
Hall s Rainfall of Jamaica, second edition, 191 1. Sir 
Norman and Dr. W* J. S. Lockyer had previously found 
a similar relation in the rainfall of India. It should also 
be mentioned that the writer has received much assist- 
ance in the collection of the more recent data, as well as 
in the correction of certain ty ographical errors in that 
which had been already pubyished, from the island's 
Associate Meteorologist, Miss C. Maswell Hall. 

In closing it s ?l ould be stated that the first suggestion 

TABLE 1.-Rainfall by.seetwns, in imhes .  

/W. C. I Dev. 1 S. I Dev. P d . 1 D a . r .  
~ 

1870-1819. -. 91.04- 4.89 57.34 +O.OS 70.73 -12.85 50.53 

1890-1899 .... 98.60+ 2.65 57 36 +O i o  92 171 + 8.60 5Fn.45 
1880-1889 .... 84.88-10.96 50.96 -5.70 75.741 - 7 . ~ 1  54.51 

1-1 m... 99.48+ 3.56 57:37 +0:71 89:211 + 5.64' 61.90 
1910-1919 .... l ! ' l !  105.50+ 9.581 60.26 +3.62 90.01( + 6.44) 53.07 

Year. I j  
1870 _...... 89.43 
1 8 1  _.._... 50.09 
1sn ....-.. 45. 18 
1873 ._..... 63.00 
lS74 _._. . -. 6s. 94 
1575 ___. . -. S2.42 
1576 ____._. 71.35 
lS77 __._._. 28.49 
187s ....... r6.42 
IS79 ____.. . 8s. 94 
1SW .... . . . 55.44 
lKsl____. . . GS. GO 
1882 ....... 57.A7 
l S 8  ....... 59.x 
ISM ....... 56.90 
1 S b  ....... 59 .6  
1SM ___..__ 90.61 

TABLE 2.-Annual rainfall. 

70.66 73.48 
72.11 74.39 
74.16 73.m 
64.43 73.m 
84.70 76.55 
73.00 76.80 
80.49 78.24 
7h.39 75.m 
71.62 75.94 
68.61 73.40 
77.59 15.50 
73.82 75.10 
85.82 77.57 
69.65 76.72 

73.37 16.10 
68.3s 79.n 

S0.w 15.64 

1904.. . . . , 
1905. - . - . I  

1098.. . -. , 
1907.. . . - ,  
1808.. . :-, 
1909. -. . . I 
1910.. . . . , 
1911 ..... , 
1913.. . . . , 
1913.. . . - ,  
1914.. . . . , 
1815 ..... , 
1816.. . . . , 
1917.. . . . , 
191s. -. . . I 
1919.. . . . , 

TABLE 3.-Mean rainfall by months, in inches. 

4 
Fr: 

p8.15 
85. a0 
S . 7 1  
52.61 
74.m 
90 17 
82.76 
BO. 90 
76. aS 
64.34 
57.36 

104.95 
106.33 so. 93 
68. Ra 
69.45 

- 
80.36 
76.21 

77.88 
77.37 
la. 21 

14.88 
6s. 32 
72.76 
Sl. 84 
82.78 
83.70 
88.11 

7 7 . I  

p. 04 

....___ ...._.. 

-- 
1S70-1879. 4.46 
l ~ l S S 9 .  3.78 

rivrrape. - 4.12 
lS90-1S59. 3.13 
1900-1909. 4.27 
1910-1919.4.op 

- 

Average. 3.81 

- 
2. 38 
2.51 
2.44 

2.97 
3.30 
2. 75 
3.01 

- 
- - 
- 

Droughts. 

~ ~~~ 

1920.. _. ...._.._.. ~282~-0.~~240~-0.61~3.41~-0.01~0.29~-4.9i~ S.91- 1.001... _.I__. _._ _I _ _ _ _  1 ..._._I.. .. .I ..____ I__. . _ j . _ _  _ _  .I _.... I .......I .... .I ...._.. ... ._ _. ..._. I I I I1 

38.89 

18.81 

17.32 

38.69 

19.69 

18.23 

21.08 

13.25 

31. E 

9. Iu1 

31.39 

9.61 
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Droughts. 

1an.o ............................................. 
1875.9 ............................................. 
1880.8 ............................................. 
1885.9 ............................................. 
1891.2 ............................................. 
1897.2 ............................................. 
1899.7 ....................... L ..................... 
1803.3 ............................................. 
1908.0 ............. ............................... 
1912.8 ............................................. 
1914.8 ............................................. 
1920 ............................................... 

TABLE 6.-Droughts and aun spots. 

Inches. Sun. D-S. 
---- 

39 I E j _./ +%.I 
19 
17 13 
39 3a 
20 12 
1s 10 
21 13 .................. 
13 .10 fMl.9 +1.4 
31 15 lsOg.4 +1.6 
30 17 .................. 
31 18 lRfS.6 +1.2 
22+ 12+ 1918.6 ........ 

TABLE 6. 

Interval. 1 Deflclency. I Duration. 1 Intensity. I 

DISCUSSION. 

I notice that the drought around 1S78 coincides with 
world-wide low teniperatures, probably of volcanic ori@ : 
that the drought around 1553 agrees with the cold period 
at the time of the Hrakatoa eruption; and that the 
drought around 1913 was at the time of the 1Ca.tniai 
eru tion.- W. J. 'Huniphruys. 

&e ex lanation for these droughts which occurs to 

normal ocean-surface temperatures to windward the 
moisture content of the air passing over Janiaics is 
reduced, and therefore convectiona.1 currents of normal 
strength must produce less rainfall than usual; (2) that 
water colder than usual in this region would not only 
reduce the moisture content, of the air, but also, by keep- 
ing the air cooler, would reduce the usual intensity of 
development of the low pressures that mark this region 
in the wa.rmer half year, and, therefore, prerent the 
attainment of the usual strength of the convectional cur- 
rents. The combination of recluced moisture and retlucecl 
convection would favor the occurrence of clrougli ts. 
The fact,thnt the droughts are general would indicate the 
operation of some such generally effective cause. 

me is as I? ollows: (1) That on account of probable sub- 

It has been found that a reduced temperature of the 
equatorial current (as indicated in the temperature of 
the Gulf Stream) follows after a month or months with 
unusually strong trade winds. Such winds tend to con- 
centrate the warm surface layers to windward, which are 
replaced by cooler water from below and from hlgher 
ltititudes. The redugtion in water-surface temperatures 
about the West Indies seems to reach its niaximum five 
months to a yea.r after the occurrence of unusually strong 
trades in the eastern Atlantic.' 

How can this be connected with sun spots? Prof. 
Pickering shows that the w m t  droughta come just after 
sun-spot masima. It is generally conceded that the 
general circulation of the atmosphere is intensified by 
the greater amount of heat which probabl enters the 

trades, sharin in this eneral intensification, would pro- 

surface temperature, as e s  lained above, and in the course 

noticeable first in northeastern Brazil and then in the 
West Indies. Since the masimuni intensit of the gen- 

of sun spots, the total delay in the occurrence of the 
worst drought conditions may be easily accounted for in 
this way.-C?tarlas F. Brooks. 

In  a letter of September 7, 1920, Prof. Pickering asks 
whether the cold-water speculations presented above 
would account for the droughts in California and Aus- 
tralia. 

Discussing why the dates of the end of the droughts 
were chosen rather than the beginning, Prof. Pickmng 
adds the following to what he presented in his paper: 

The end of a drought is the time of the maximum deficiency of 
water; it is a perfectly definite date and is what prticulmly intemta 
agriculturists. Different persons might select different data for the 
beginning. I do not believe that the sun spota themselves, or their 
absence, cause the droughts. The spots are merely a surface indica- 
tion of an overturn of material and temperature occurring beneath the 
solar surface in connection withpagnetic 8torms. The accumulation 
of these conditions reaches ita greatest rate of change at about the time 
of the end of the drought. Ths  is indicated by the recorded magnetic 
variations. What the precise logical connection may be between the 
droughts and the magnetic disturbances I do not pretend to know but 
the sun spota come first. and enable the prediction to be made. I have 
only t,o derive statist,ics from observed rainfall data to Show the coinci- 
dence. 

atmosphere at  times of sun-spot maxima. dl erefore, the 

cluce first a p u s  P and t % en a minus departufe in water- 

of 6 to 10 months the : rought effecta mould become 

era1 circulation would necessarily lag after t x e maximum 

1 Sea Mo. WEATHER REVIEW November 1918,uI:510-512. 


